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Many shark species are threatened by overfishing and by their bad reputation. 
Saving the top predators of the oceans will require that humans change their 
minds, learn to understand the ancient cartilaginous fishes, and learn to live with 
them. Sharks may even help us to better understand our own biology and find 
novel medical approaches. Michael Gross reports. 
Learning to live with sharksImage problem: Ever since the release of Steven Spielberg’s summer blockbuster Jaws 
39 years ago, there has been an exaggerated fear of shark attacks. In fact, even in Florida 
many more people die from lightning strikes and bee stings than from shark encounters. The 
image shows a great white shark scavenging a whale carcass. (Photo: Wikimedia Commons/
http://dx.doi.org/10.1371/journal.pone.0060797.g004.)Sharks kill around six humans per year, 
on average; humans kill more than 40 
million sharks per year (or possibly 
even up to 100 million, according to 
some estimates). It shouldn’t be all 
that difficult to work out which of the 
two is a dangerous threat and which is 
a victim. Yet the killing continues. 
Perhaps the most irrational of the 
various reasons for which people kill 
sharks is the quest to protect surfers 
and swimmers from the exceedingly 
rare attacks. In December, the 
government of Western Australia 
embarked on a mass cull of sharks 
off its coasts in response to a series 
of attacks that had led to seven 
deaths in three years. Politicians 
read this as alarming, even though 
the annual statistics from the 
International Shark Attack File based 
at the Florida Museum of Natural 
History (ISAF; http://www.flmnh.ufl.
edu/fish/Sharks/ISAF/2013Summary.
html) show that the overall number 
of shark attacks in Australia for 2013 
actually stayed below the long-term 
average. According to the ISAF report, 
short-term fluctuations in numbers are 
common, and statistically meaningful 
conclusions can only be inferred 
on longer timescales, e.g. decades. 
Globally, the ISAF has recorded 63 
fatal attacks for the years 2004 to 
2013, with the yearly total varying 
between one and 13. 
The strategy pursued by Western 
Australia until its next review in June 
is to capture sharks with baited lines, 
assess their size, and cull all that are 
larger than three metres in length. A 
similar cull is also underway in the 
French territory of La Réunion, where 
five fatal attacks have been recorded 
in the last three years.
Experts have vehemently criticised 
the culls as a fallback to a bygone 
era of shark paranoia. More than 100 
scientists have written to Western 
Australia’s state government to call for 
the cull to be stopped. Marine biologist 
Helen Scales, who took part in a BBC documentary on sharks, told reporters: 
“Culls do not work, anyway. They 
responded similarly in Hawaii in the 
Seventies and more than 4,000 sharks 
were culled but it did not have any 
effect on the level of shark attacks.” 
A recent survey conducted among 
the visitors of Sydney Aquarium and 
released by the Sea Life Conservation 
Fund found that 87% of respondents 
were opposed to killing sharks for 
safety reasons. Thus, the cultural 
trauma caused by Steven Spielberg’s 
blockbuster Jaws, released nearly 40 
years ago, seems to be fading at last. 
Christopher Neff, who conducted 
the survey, told reporters: “The 
[government] assumption is that the 
public is afraid — that when shark 
bites happen they react emotionally 
and [look] for an immediate response. 
My data, and what the public has said, 
refute that.” Increasingly, the message of 
conservation societies that sharks 
are more threatened by humans than 
posing a threat to us seems to be 
getting through to the public, if not 
quite to the politicians. 
“We’ve gone from Hollywood myth 
to reality and the public has made that 
transition,” Neff concluded. “The public 
have switched from seeing sharks as 
they used to see them [in] Hollywood 
[films] and seeing them in real life, and 
being able to distinguish the two.”
On the rare occasions when there 
is a real accumulation of shark 
attacks, scientists plead to better 
educate people how to avoid the risk, 
and to improve our understanding 
of the shark’s mind in order to find 
better ways to keep them away from 
swimmers. Wetsuits with zebra-style 
stripes and bubble curtains fencing 
in swimming areas are among the 
ideas currently being tested. Some 
researchers are even using MRI 
scanners to better understand what 
is going on in a shark’s mind, while 
others experiment with training sharks 
to leave swimmers alone. 
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Hacked off: The practice of shark finning, illegal in many legislations, but difficult to control, 
raises concerns both for its cruelty and for its threat to the species concerned. (Photo: Wiki-
media Commons/Cloneofsnake.)
Peaceful coexistence: Whale sharks, the largest species of fish in the oceans, are peaceful 
filter feeders. Watching them is a popular tourist attraction off the coasts of Australia, but even 
they are under attack from trophy hunters. (Photo: Courtesy of Exmouth Diving Centre http://
www.exmouthdiving.com.au/)One problem in these endeavours 
is that attacking people clearly isn’t 
part of what sharks normally like 
to do — otherwise the death toll 
would be many orders of magnitude 
larger. Thus, the phenomenon that 
researchers would like to understand 
in order to prevent it is that of a 
shark’s mind going off the rails, and 
there will probably always remain a 
vanishingly small but non-zero risk of 
that happening. 
Hacked off 
In the bigger picture of the well-being
of the around 400 species of sharks, 
however, the attacks and culls only 
play a very small part. Only four 
species, including the great white, 
tiger, bull, and hammerhead sharks 
are considered dangerous to humans.
By contrast, a quarter of all species is
under threat from overfishing. Marine 
conservation organisations have 
warned that their overall numbers 
have dropped by 90 per cent in just 
30 years.
In the last few decades, the 
increasing consumption of shark 
fin soup, prized as a delicacy for 
special occasions in China and in 
the Chinese diaspora, has been 
a major cause of concern both 
for sustainability and for animal 
welfare reasons. As China and 
Chinese people around the world 
have become wealthier, the demand 
for the traditional luxury food item 
has increased dramatically, while 
consumers remained unaware of the 
cruelty involved. Around the world, sharks of 
various species are captured or killed 
exclusively for the harvesting of their 
cartilaginous fins. The fins don’t have 
any recognisable taste, but are added 
to the soup to provide a specific kind 
of chewy texture. In the controversial 
practice known as shark finning, the 
fish’s torso, alive or dead, is often 
disposed of at sea, such that a ship’s 
cargo capacity can be reserved for the highly valuable fins. If they are 
still alive, they are left unable to hunt 
or even move, such that they sink 
to the sea floor and die slowly from 
asphyxiation. 
In recent years a number of 
organisations around the world have 
launched campaigns against the 
finning practice, such as the “Hacked 
Off” campaign from the charity Bite 
Back in the UK. Hacked Off found the 
support of prominent chefs in the UK. 
So far, it has persuaded 16 restaurants 
to take the soup off their menu, while 
at least another 60 are still selling it. 
Recently, Bite Back has teamed up 
with the British Sub Aqua Club, the 
UK’s largest diving agency, to spread 
the word further. 
In the US, several states have 
legislated to ban the possession 
and trading of shark fins, although 
some Chinese interest groups have 
called such measures discriminatory. 
Canada has banned finning in its 
waters, but various moves to ban 
import and trade with shark fins have 
so far failed. Many other countries 
and the EU have banned the wasteful 
practice of landing only the fins. 
Most recently, seven Arab countries 
have committed to a ban on finning 
in a mutual agreement signed in 
Dubai. 
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Bad choice: Shark fin soup is still on offer in many Chinese restaurants around the world, but 
the increasing awareness of the problems attached to the luxury dish is set to change this situ-
ation. (Photo: Wikimedia Commons/ProjectManhattan.)Even in China, growing awareness 
of the problems with shark finning 
has led to attempts to reduce the 
consumption of fins. Recent reports 
suggest that the country is falling 
out of love with the luxury dish. The 
organisation WildAid, which has 
launched the campaign “I’m finished 
with fins” in China last September, 
reports a significant and encouraging 
drop in fin trade. “CCTV and other 
Chinese media have helped to reduce 
demand and cut the financial incentive 
to kill and fin sharks. The government 
set a leadership role through the 
media and by banning shark fin at 
their official events, which is now 
being adopted by Hong Kong and 
we hope will be emulated throughout 
Asia,” said Peter Knights, executive 
director of WildAid.
In addition to finning, there is also 
the wider problem of overfishing 
sharks and of sharks brought in as 
bycatch. Even trophy hunting of 
species like the gigantic and peaceful 
plankton-filtering whale shark has 
been reported. It all adds up to a 
significant threat to several dozen 
species. Ecologists are particularly 
worried that the threat to top 
predators like hammerhead sharks 
may unhinge the entire food web 
below them. 
Learning about sharks
Beyond the need to avoid attacks 
and to protect marine food webs, 
there are other good reasons for 
humans to learn more about sharks. 
Together with rays and skates, they 
form part of a group that diverged 
from our early vertebrate ancestors 
after the invention of jaws but before 
the conversion of the skeleton from 
cartilage to bone. While sharks and 
their kin have the ability to form some 
bone-like structure, the process of 
forming bone from within the cartilage, 
known as endochondral ossification, 
is specific to the bony vertebrates, a 
large group that includes most fishes 
and land-dwelling tetrapods, such as 
ourselves. 
For this reason, researchers are 
very interested in the genomics and 
developmental biology of cartilaginous 
fishes, as they could serve as an 
outgroup for a better understanding of 
the early evolutionary steps that led to 
our bony skeleton. 
In January, an international 
collaboration led by Byrappa 
Venkatesh from the National University of Singapore and Wesley Warren from 
Washington University at St. Louis, 
US, reported the genome sequence 
of the elephant shark (Callorhinchus 
milii). Within the class of the 
cartilaginous fishes (Chondrichthyes), 
this species falls into the subclass of 
the holocephalans (chimaeras), which 
is separate from the elastobranchs, 
including most sharks, rays and 
skates. At one billion base pairs, it 
has a relatively small genome for a 
vertebrate, which made it attractive 
as a model system (Nature (2014) 505, 
174–179). 
The researchers found that  
C. milii has the most slowly evolving 
vertebrate genome known to date, 
beating even the ‘living fossil’ 
species, the coelacanth (see Curr. 
Biol. (2013) 23, 419–421). Thus, as the 
least derived surviving descendant 
of the common ancestor of all 
jawed vertebrates, it is a particularly 
interesting model system for 
researchers who want to study the 
early evolution of vertebrates and 
to infer the evolutionary processes 
that set our lineage apart from the 
cartilaginous fishes. 
Investigating the question of why 
cartilaginous fishes don’t produce 
endochondral bones, the researchers 
found that C. milii has all the genetic 
setup required for bone formation 
except for the SCPP (secretory 
calcium-binding phosphoprotein) 
gene family. The authors hypothesise 
that SCPP genes arose by tandem duplication of the Sparcl1 gene in the 
common ancestor of bony vertebrates 
and took on a key role in bone 
formation. Knockout experiments with 
zebrafish embryos appear to support 
this hypothesis. 
Another important part of vertebrate 
biology that emerged around the same 
time is the adaptive immune system. 
While cartilaginous fishes share many 
of the key features of our immune 
system, such as the use of antibodies 
and T-cell receptors, the genome 
revealed significant differences 
which the authors confirmed with 
additional investigations with an 
elastobranch species, the nurse shark 
(Ginglymostoma cirratum). 
For instance, the genome reveals 
a closer associaton of T-cell receptor 
and antibody genes than found in 
mammals, suggesting a common 
origin of both gene families. The 
cartilaginous fishes also have the 
peculiarity of antibodies with a single-
domain recognition domain, similar 
to the heavy-chain antibodies of 
Camelidae, which are of significant 
interest for biotechnology and medical 
applications. Insights from the C. milii 
genome suggest that this recognition 
domain first evolved in the context 
of the T-cell receptor, and was then 
adopted by the antibodies. 
Research interest has also 
increasingly been focused on shark 
behaviour. While the lack of a bony 
skeleton might mark sharks as a more 
primitive group of vertebrate, the 
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From the late middle ages until early in 
the twentieth century, ‘Skimmingtons’ 
gave English villagers a highly effective 
instrument of social control, and a 
fun day out for all the family. In a 
Skimmington, couples who had broken 
the social rules — typically the wife was 
a ‘scold’ or the husband a ‘cuckold’ — 
were ridiculed by a ludicrous cavalcade 
(Figure 1). In the lead was a horse 
carrying grotesque effigies of the 
offending pair, back-to-back, with the 
woman wielding a (skimming) ladle. 
Close behind were barking dogs and 
all the righteous of the parish, hooting, 
blowing horns and beating pans to let 
the offending couple, cowering in their 
hovel, know exactly how they felt about 
failure to conform. The Skimmington 
ritual was both a punishment and a 
warning. On its way to the home of the 
victims, the procession brushed the 
door steps of other anomalous couples. 
Toe the line or next time it will be you. 
Skimmingtons are one manifestation 
of the kind of hypersociality that 
distinguishes our species, modern 
humans, from all other animals. We 
don’t just happen to live in groups 
that include unrelated and distantly 
related individuals, we have to live this 
way. We depend on cooperation with 
others, alive and dead, not just for 
the higher things in life — art, justice, 
spirituality, prosperity — but for the 
satisfaction of basic bodily needs. 
Most of us would starve if we didn’t 
cooperate with others to find and 
prepare food. Given this dependence, 
it’s not surprising that we’re ‘group-
minded’. Each of us identifies with 
the groups and cultures to which 
we belong, tries to conform to their 
norms, and participates in rituals that 
reinforce group identity — singing or 
dining together, watching our team try 
to win the cup — or, as in the case of 
Skimmingtons, in rituals that shame 
and punish those who have failed 
to conform. Courts of law are less 
colourful and usually more humane 
than Skimmingtons but they fulfil a 
similar function. 
In his book, A Natural History of 
Human Thinking, the distinguished 
developmental psychologist Michael 
Tomasello lays out his latest views on 
the evolution of group-mindedness. 
Compared with his previous monograph 
on the same subject, The Cultural 
Origins of Human Cognition (Harvard, 
1999), the current story gives more 
cognitive credit to our closest living 
relatives, the great apes, and has more 
twists in the plot. The new ‘shared 
intentionality hypothesis’ suggests 
that, rather than one giant leap, there 
were two major transitions in the 
evolution of human thinking: the first, 
from the ‘individual intentionality’ of 
the ancestors we share with great 
apes, living six million years ago, to the 
‘joint intentionality’ of early humans, 
emerging about 400 thousand years 
ago, and the second, 200−300 thousand 
years later, from joint intentionality to 
the ‘collective intentionality’ of modern 
humans. Curiously, Tomasello doesn’t 
unpack his key term, ‘intentionality’, 
but the Stanford Encyclopedia of 
Philosophy defines it as ‘the power of 
minds to be about, to represent, or to 
stand for, things, properties and states 
of affairs’.
The picture of stage one, individual 
intentionality, comes from experiments 
with extant great apes, most of them 
conducted by Tomasello’s group in 
Leipzig. Chimpanzees, gorillas and 
orang-utans are seen as physically 
and socially manipulative creatures. 
They use limited forms of imagination, 
inference and self-monitoring — 
thinking about thinking — to get their 
own way in competition for food, mates 
and other valued resources. They 
can assess whether a stick is rigid 
enough to scrape food out of a tricky 
spot, use rattling as a sign that a solid 
object is in a sealed container, and, 
when competing with others for food, 
keep track of who was looking when 
a juicy morsel was hidden. They also 
use simple gestures for communication, 
raising an arm to initiate play-hitting, 
slapping the ground to attract attention, 
and reaching toward objects they want 
a human to deliver. But great apes don’t 
go in for cooperation. When given a 
choice of acquiring food cooperatively 
or independently, or simply between 
eating with a groupmate or in isolation, 
chimpanzees go it alone. So, Tomasello 
argues, great apes are smarter than 
Book reviewrequirements of the predatory lifestyle of many species have led to complex 
and interesting abilities. 
The group of Jayne Gardiner from 
the University of South Florida at 
Tampa, US, together with researchers 
from the University of South Florida 
and Boston University, recently 
described how several shark species 
can combine input from multiple 
sensory channels and switch between 
them if necessary (PLoS ONE (2014) 
9, e93036). The researchers note that 
signal dispersal under water in natural 
conditions is seriously inhibited by 
disturbances such as light scattering. 
Therefore, they created naturalistic 
settings for controlled experiments 
to test the prey-finding behaviour 
of sharks in the presence of such 
difficulties. 
Sharks can use combinations of 
olfactory, turbulence, visual, electrical 
and tactile signals to detect their 
prey. The relative importance of these 
signals varies with the distance of the 
prey and the specific requirements of 
the general situation. The experiments 
showed that the sharks can respond 
flexibly if one information channel is 
blocked. While the initial olfactory 
tracking of prey from a distance 
appears to be a stereotyped, 
species-specific behaviour, the 
animals showed greater plasticity 
in their behaviour on approaching 
the prey, making the best use of 
whatever sensory channels were 
available. Due to this flexibility, they 
can also overcome various kinds of 
camouflage. 
“Our findings may explain why 
previous attempts to use chemical 
deterrents or visual camouflage to 
prevent shark bites haven’t been very 
successful. In many cases, the loss of 
one sensory signal generally doesn’t 
inhibit feeding behavior, as sharks 
can switch to alternate sensory cues 
to locate and capture prey,” notes 
Gardiner.  
Better understanding of these 
processes may ultimately also lead to 
additional strategies to make shark 
attacks on humans even less likely 
than they currently are. Given the 
efficiency of the predators’ sensory 
strategy, we can just be grateful that, 
in contrast to their bad reputation, 
they’re not really interested in us. 
Michael Gross is a science writer based at 
Oxford. He can be contacted via his web 
page at www.michaelgross.co.uk
